Background. Post-mastectomy reconstruction is a critical component of high-quality breast cancer care. Prior studies demonstrate socioeconomic disparity in receipt of reconstruction. Our objective was to evaluate trends in receipt of immediate reconstruction and examine socioeconomic factors associated with reconstruction in a contemporary cohort. Methods. Using the National Cancer Database, we identified women \75 years of age with stage 0-1 breast cancer treated with mastectomy (n = 297,121). Trends in immediate reconstruction rates (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013) for the overall cohort and stratified by socioeconomic factors were examined using Join-point regression analysis, and annual percentage change (APC) was calculated. We then restricted our sample to a contemporary cohort (2010-2013, n = 145,577). Multivariable logistic regression identified socioeconomic factors associated with immediate reconstruction. Average adjusted predicted probabilities of receiving reconstruction were calculated. Results. Immediate reconstruction rates increased from 27 to 48%. Although absolute rates of reconstruction for each stratification group increased, similar APCs across strata led to persistent gaps in receipt of reconstruction. On multivariable logistic regression using our contemporary cohort, race, income, education, and insurance type were all strongly associated with immediate reconstruction. Patients with the lowest predicted probability of receiving reconstruction were patients with Medicaid who lived in areas with the lowest rates of high-school graduation ( Post-mastectomy reconstruction is a critical component of comprehensive, high-quality breast cancer care and has been associated with improved quality of life, 1-4 including not only improved satisfaction with the appearance of the breast 3,5 but also better sexual, psychosocial and physical functioning.
ABSTRACT
Background. Post-mastectomy reconstruction is a critical component of high-quality breast cancer care. Prior studies demonstrate socioeconomic disparity in receipt of reconstruction. Our objective was to evaluate trends in receipt of immediate reconstruction and examine socioeconomic factors associated with reconstruction in a contemporary cohort. Methods. Using the National Cancer Database, we identified women \75 years of age with stage 0-1 breast cancer treated with mastectomy (n = 297,121). Trends in immediate reconstruction rates (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) for the overall cohort and stratified by socioeconomic factors were examined using Join-point regression analysis, and annual percentage change (APC) was calculated. We then restricted our sample to a contemporary cohort (2010) (2011) (2012) (2013) , n = 145,577). Multivariable logistic regression identified socioeconomic factors associated with immediate reconstruction. Average adjusted predicted probabilities of receiving reconstruction were calculated. Results. Immediate reconstruction rates increased from 27 to 48%. Although absolute rates of reconstruction for each stratification group increased, similar APCs across strata led to persistent gaps in receipt of reconstruction. On multivariable logistic regression using our contemporary cohort, race, income, education, and insurance type were all strongly associated with immediate reconstruction. Patients with the lowest predicted probability of receiving reconstruction were patients with Medicaid who lived in areas with the lowest rates of high-school graduation ( Post-mastectomy reconstruction is a critical component of comprehensive, high-quality breast cancer care and has been associated with improved quality of life, [1] [2] [3] [4] including not only improved satisfaction with the appearance of the breast 3,5 but also better sexual, psychosocial and physical functioning. 3, 4 Post-mastectomy reconstruction is recognized as a quality measure of breast cancer care. The National Accreditation Program of Breast Centers endorses a standard that all patients considering mastectomy be offered a consultation with a plastic surgeon. 6 The importance of reconstruction is also reflected in health policy. For example, the 1998 Women's Health and Cancer Rights Act mandated that insurance companies cover reconstructive procedures after mastectomy, 7, 8 and New York Bill S6993A requires that surgeons discuss the option of reconstruction with all patients.
There has been a steady increase in the rate of postmastectomy reconstruction over the past decade. Drivers of this trend are multifactorial; in addition to the Women's Health and Cancer Rights Act, patients benefit from advances in reconstructive techniques, expanded availability of plastic surgeons, and growing comfort of breast surgeons in pursuing immediate reconstruction at the time of the initial cancer surgery. [10] [11] [12] [13] [14] However, although overall rates of reconstruction have increased, substantial variation exists regarding who undergoes reconstruction. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Breast reconstruction following mastectomy is an elective component of breast cancer treatment, but reconstruction is not the right choice for everyone. Patient preference or clinical factors rendering the patient a poor candidate for the procedure (i.e. smoking, obesity, recommended post-mastectomy radiation) can drive the decision to forego immediate and/or ever reconstruction. Variation driven by patient preference or clinical factors is expected and reasonable. However, prior studies evaluating patients diagnosed with breast cancer in the early 2000s have suggested disparities in the receipt of immediate reconstruction by socioeconomic factors such as race, income, education level, and insurance. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] The objective of this study was to evaluate national rates of immediate postmastectomy reconstruction and examine socioeconomic factors associated with receipt of reconstruction in a contemporary cohort.
METHODS
The National Cancer Database (NCDB), a joint program of the American College of Surgeons Commission on Cancer and the American Cancer Society, is a large national cancer registry database that captures approximately 70% of all newly diagnosed cancers in the US. 25 We used the NCDB to identify women with newly diagnosed stage 0 or stage 1 breast cancer in 2004-2013 and treated with mastectomy. We excluded patients with stage 2 or 3 breast cancer as these patients may be more likely to have a clinical contraindication for reconstruction, either due to tumor (i.e. inflammatory cancer) or treatment-related (i.e. need for post-mastectomy radiation) factors. We also excluded women over the age of 75 years because of the very low rate of reconstruction observed in this cohort (3.5%). The final sample size was 297,121.
The outcome variable of interest was the receipt of immediate breast construction (yes/no); the NCDB captures immediate breast reconstruction after mastectomy, i.e. reconstruction planned as part of the initial course of treatment. Covariates included sociodemographic factors (age, urban/rural residence, race, insurance, zipcode level, median household income, and education), Charlson Comorbidity Index, diagnosis (stage), treatment (bilateral mastectomy, and whether patients received post-mastectomy radiation and/or systemic therapy), and reporting facility type, all ascertained at the time of diagnosis and first-course treatment.
Descriptive statistics for all sociodemographic, diagnosis/treatment, and facility factors were generated. Unadjusted temporal trends in annual reconstruction rates were assessed using Join-point regression software (National Cancer Institute, Bethesda, MD, USA); overall trends were assessed, as well as trends stratified by socioeconomic factors (race, income, insurance, and education). [26] [27] [28] [29] Join-point regression models allowed for an assessment of the observed unadjusted changes in reconstruction that occurred each year during the study time period (i.e. the annual percentage change [APC]). Ninetyfive percent confidence intervals (CIs) were also estimated.
Because of the anticipated strong time trends for rates of immediate reconstruction, [10] [11] [12] [13] [14] we restricted our assessment of the factors associated with reconstruction to a contemporary cohort of women diagnosed between 2010 and 2013 (sample size of 145,577). Multivariable logistic regression was then used to assess whether socioeconomic factors were associated with immediate reconstruction, controlling for patient age, comorbidities, tumor, and treatment factors. Average adjusted predicted probabilities of receiving immediate reconstruction based on these models were then estimated, assuming a patient was \55 years of age, had a Charlson Comorbidity Index of 0, did not receive radiation or systemic therapy, and underwent a unilateral mastectomy at a metropolitan academic center in 2013. These values were intentionally selected because they are associated with higher rates of reconstruction, thereby facilitating comparison of the impact of socioeconomic factors on receipt of reconstruction.
This project is considered to be exempt by the University of Wisconsin Institutional Review Board.
RESULTS

Time Trends in Rates of Immediate Reconstruction between 2004 and 2013
We identified 297,121 women with stage 0 or 1 breast cancer who underwent mastectomy between 2004 and 2013. Patient demographics for the overall cohort are presented in Table 1 . For this cohort, the rate of reconstruction across the entire study period was 40%. The rate of reconstruction increased steadily from 27% in 2004 to 48% in 2013, corresponding to an APC of 2.3% (95% CI 2.0-2.6%).
We then generated unadjusted Join-point lines to represent the rates of immediate reconstruction associated with specified socioeconomic factors over time (Fig. 1) . The absolute rate of immediate reconstruction increased during the study period for all patient groups. Furthermore, the APC for each stratification group remained relatively similar between 2004 and 2013, as demonstrated by the overlapping 95% CIs. This, in conjunction with the preexisting absolute differences across strata, has resulted in a persistent gap in receipt of reconstruction across strata.
Factors Associated with Receipt of Immediate Reconstruction in a Contemporary Cohort
Our contemporary cohort of women diagnosed between 2010 and 2013 consisted of 145,577 patients. After controlling for age and clinical factors (comorbidities, tumor, and treatment), the socioeconomic factors of race, type of insurance, income, and level of education were all strongly associated with receipt of reconstruction ( Table 2) .
Adjusted average predicted probabilities based on the multivariable logistic regression model facilitated interpretation of model results (Table 3) . Patients who were White, had private insurance, and who lived in an area with the highest rates of high-school education had the highest average predicted probability of reconstruction, at 64.2% (95% CI 63.2-65.1%). The lowest predicted probability of reconstruction was for patients with Medicaid insurance who lived in areas with the lowest rates of high-school graduation; for these patients, predicted probability was 45.7% (95% CI 43.9-47.4%) if White, and 42.4% (95% CI 40.5-44.3%) if Black.
DISCUSSION
In this study of a national cancer registry, we demonstrated a continued increase in the rate of immediate reconstruction between 2004 and 2013. However, a Median household income and percentage of patients with a highschool education in the zipcode area disparities in receipt of reconstruction for subgroups of patients persisted across the study period without evidence of improvement. In our adjusted model, being non-White, not having private insurance, and living in an area with lower median income and lower rates of high-school graduation were all strongly associated with a lower likelihood of receiving immediate reconstruction. Importantly, we also determined that race and education were less significant contributors to receipt of reconstruction than other socioeconomic factors such as income and type of insurance. Although the increases in the rate of immediate breast reconstruction observed in our study are promising, the ongoing disparities in the receipt of reconstruction for socioeconomically disadvantaged patients is significant. Our findings extend other studies that have identified disparities in receipt of breast reconstruction [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] by demonstrating that not only is the gap in receipt of reconstruction evident in a contemporary patient cohort but also the disparity has not narrowed over time. Given the known benefits associated with receipt of immediate breast reconstruction, [1] [2] [3] [4] it is critical that we as a surgical community move beyond simply describing that sociodemographic factors are associated with disparate care, to understanding how these factors lead to the gaps in care in order to improve the quality of breast cancer care for disadvantaged patient populations. 30 To provide a framework for understanding disparities in receipt of reconstruction, we developed a conceptual model based on the findings of this study and the literature to date. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Our model, adapted from the Behavioral Change Wheel, 31 posits that whether or not a patient undergoes reconstruction is determined by her Capability, Motivation, and Opportunity (Fig. 2) . Capability includes clinical factors that determine whether a patient is a good candidate for reconstruction, such as recommendation for post-mastectomy radiation or active smoking. However, this domain also includes education as patients must have the knowledge that post-mastectomy reconstruction is a choice available to them, and empowerment, as patients must have the confidence to interact with their healthcare team to influence decision making for reconstruction. Motivation reflects individual preferences for reconstruction based not only on factors such as body image but also more conscious decision making around the feasibility for reconstruction based on competing priorities in a patient's life. Finally, Opportunity reflects the context within which reconstruction is being considered, and includes the social and economic resources available to a patient (i.e. ability to leave work for frequent visits, finances for travel expenses, available child care) and access to specialty care (i.e. receiving a referral to see a plastic surgeon, having a plastic surgeon who accepts varied insurance types). Combined, these factors determine whether a patient undergoes breast reconstruction.
This conceptual model provides a framework for the comprehensive evaluation of how socioeconomic factors influence receipt of immediate reconstruction and lead to disparities in care. Importantly, not all of these factors will be modifiable through interventions directed at the patient, provider, or healthcare system. Understanding how these socioeconomic factors influence the receipt of breast reconstruction, and determining which are modifiable through multi-level interventions, are essential, albeit complex, steps towards improving the quality of care and reducing disparities in care for disadvantaged populations.
LIMITATIONS
Our study is limited by the specificity of the patientlevel sociodemographic variables included in the NCDB. The NCDB reports education and income at the zipcode area level. Although this provides a general view of arealevel socioeconomic factors, it may not accurately reflect socioeconomic conditions for an individual patient. We were also not able to assess how distance to reconstructive care may influence receipt of reconstruction. Finally, we cannot determine from the NCDB whether a referral to see a plastic surgeon was offered, whether a patient was offered reconstruction but declined, or whether delayed reconstruction was received.
CONCLUSIONS
Although rates of immediate reconstruction have increased dramatically over the past decade, lower rates persist for subgroups of disadvantaged patients. This gap in care quality is likely mediated by a mix of fixed and modifiable factors that may operate at the patient, provider, and system levels. Understanding how socioeconomic factors influence receipt of immediate reconstruction and determining which are modifiable critical next steps 
